Objective: The objective of this study is to systematically review and estimate the effect of heparin for thromboprophylaxis in patients with acute spinal cord injury (SCI). Methods: We searched the PubMed database up to February 2013. Only randomized control trials (RCTs), quasi-RCTs, cohorts, casecontrol and cross-sectional studies were included. The incidence of venous thromboembolism (VTE) and major bleeding complication were recorded as the endpoints. The summary relative risks (RR) were calculated by meta-analysis. Results: A total of 18 studies with 2578 patients were included. Four studies evaluated the effects of low-dose unfractionated heparin (LDUH) compared placebo or untreated. No significant differences were observed, with the summary RR 0.661 (95% confidence interval (CI) 0.365-1.199; Z ¼ 1.36, P ¼ 0.173) for VTE. Only one RCT compared fixed-dose LDUH with adjusted-dose LDUH, which showed lower VTE incidence but higher bleeding incidence for adjusted dose. Nine trials have compared LDUH with lowmolecular-weight heparin (LMWH). No significant differences were observed for VTE with the summary RR 1.633 (95% CI 0.822-3.243; Z ¼ 1.40, P ¼ 0.162). But major bleeding was lower with LMWH (summary RR ¼ 2.034, 95% CI 1.018-4.063; Z ¼ 2.01, P ¼ 0.044). Three studies compared different LMWHs, which included one for enoxaparin versus tinzaparin and two for enoxaparin versus dalteparin. No significant differences were observed with the summary RR 0.694 (95% CI 0.336-1.434; Z ¼ 0.99, P ¼ 0.324) for VTE. Three studies compared different dose of LMWH. No differences were observed. Conclusion: Our meta-analysis showed that in patients with acute SCI, LDUH have no thromboprophylaxis effect compared with placebo or untreated; LMWH seems only can reduce bleeding incidence, but not prophylaxis thromboembolism compared with LDUH. Because of no good quality studies existed in this setting, well-designed RCTs are urgently needed. Keywords: spinal cord injury; venous thromboembolism; heparin; low-dose unfractionated heparin; low-molecular-weight heparin INTRODUCTION Venous thromboembolism (VTE) is one of the major complications after acute spinal cord injury (SCI). VTE includes deep-vein thrombosis (DVT) and pulmonary embolism (PE). The overall incidence of DVT in the patients with SCI ranges from 49 to 100% in the first 12 weeks, with the first 2 weeks having the highest rate following acute injury. 1 DVT leads to venous occlusion, edema and post-thrombotic syndrome. Most importantly, when a part of the DVT breaks off and travels through the bloodstream to the lung, it causes PE. PE is the third most common cause of death in patients with SCI. 2 The incidence of clinical PE ranges from 4 to 10% and fatal PE ranges from 0.2 to 5%. 3 VTE after SCI is associated with high morbidity and high mortality, and may generate significant additional health-related costs. It is important for high-risk patients with SCI to receive VTE prophylaxis.
INTRODUCTION
Venous thromboembolism (VTE) is one of the major complications after acute spinal cord injury (SCI). VTE includes deep-vein thrombosis (DVT) and pulmonary embolism (PE). The overall incidence of DVT in the patients with SCI ranges from 49 to 100% in the first 12 weeks, with the first 2 weeks having the highest rate following acute injury. 1 DVT leads to venous occlusion, edema and post-thrombotic syndrome. Most importantly, when a part of the DVT breaks off and travels through the bloodstream to the lung, it causes PE. PE is the third most common cause of death in patients with SCI. 2 The incidence of clinical PE ranges from 4 to 10% and fatal PE ranges from 0.2 to 5%. 3 VTE after SCI is associated with high morbidity and high mortality, and may generate significant additional health-related costs. It is important for high-risk patients with SCI to receive VTE prophylaxis.
Currently, mechanical method, pharmacological method and surgical method were used in VTE prophylaxes. 4 Mechanical methods include intermittent pneumatic compression, pressuregraded elastic stockings, venous foot pump and neuromuscular electrical stimulation. Surgical method is inferior vena cava filters implantation which used to prophylaxis PE. However, pharmacological agents are most widely used. Pharmacological methods include oral anticoagulants, low-dose unfractionated heparin (LDUH) and low-molecular-weight heparin (LMWH). Oral anticoagulants, such as aspirin, dipyridamole and warfarin, did not prove to give satisfactory results. 5 LDUH (5000 units, twice daily) was first used in 1975 for VTE prophylaxes in patients with SCI and was recommended by the Consortium for Spinal Cord Medicine Clinical Practice guidelines. 6 However, some recent study showed LDUH did not provide VTE prophylaxis effect in patients with SCI. 7 Since 1995, there has been increasing use of LMWH. On the basis of some evidence, LMWH was recommended by the Consortium for Spinal Cord Medicine Clinical Practice 6 and the American College of Chest Physicians. 8 Although some recent trials did not prove the affect of VTE prophylaxis in patients with SCI. 9, 10 The results were still controversial in heparin for VTE prophylaxis in patients with acute SCI.
The aim of this study was to systematically review and estimate the effect of heparin for thromboprophylaxis in patients with acute SCI. We want to assess thromboprophylaxis effect by comparing:
(1) LDUH versus placebo or untreated; (2) fixed-dose LDUH versus adjusted-dose LDUH; (3) LDUH versus LMWH; (4) different kinds of LMWHs (enoxaparin, dalteparin and tinzaparin) and (5) different dose of LMWHs. 
MATERIALS AND METHODS

Search strategy
Eligibility criteria
The following inclusion criteria had to be fulfilled: (1) types of participants: studies investigated patients with acute SCI receiving heparin for thromboprophylaxis were included; (2) types of studies: randomized control trials (RCT), quasi-RCTs, cohorts, case-control and cross-sectional studies were included; (3) types of intervention: studies comparing different kinds of heparin (LDUH versus placebo or fixed-dose LDUH versus adjusted-dose LDUH, or LMWH versus LDUH, or different kinds of LMWH, or different dose of LMWHs) were included; and (4) types of outcomes: studies that assessed the incidence of VTE or the incidence of major bleeding complication were included. We excluded case reports, case series and reviews. We also excluded the studies that did not provide data to calculate the relative risk (RR) of two outcomes.
Quality assessment
The quality of included RCTs was assessed using Jadad scale. 11 The scale incorporates the following five questions: (1) Is the study randomized? (2) Is the study double blinded? (3) Is there a description of withdrawals? (4) Is the randomization adequately described? and (5) Is the blindness adequately described? The quality of included quasi-RCTs, cohorts, case-control and cross-sectional studies was assessed according to the Newcastle-Ottawa Scale (NOS). 12 The NOS contains eight items and are categorized into three dimensions, including selection (4), comparability (1) and exposure (3). A high-quality study can be awarded a maximum of one star for each numbered item within the selection and exposure categories. A maximum of two stars can be given for comparability. The NOS ranges between zero up to nine stars. The level of evidence of each article was scored using the Oxford Centre for Evidence-based Medicine Level of Evidence scale 13 Two reviewers independently assessed the quality. Disagreements were resolved by discussion and by seeking the opinion of a third reviewer.
Data extraction
The following data were abstracted onto standardized forms: first author, publication year, country, study design, the usage of heparin, age of patients, gender of patients, American Spinal Injury Association grade, the incidence DVT, the incidence of PE; the incidence of combined VTE (DVT and PE) and the incidence of major bleeding complication. Data extraction was carried out independently by two reviewers. Disagreements were resolved by discussion between the two.
Statistical analysis
The meta-analyses was performed with Stata software, version 12.0 (Stata Corp, College Station, TX, USA). Overall effects were determined using the Z-test. Statistical heterogeneity was explored by w 2 and inconsistency (I 2 ) statistics. In the absence of significant heterogeneity, studies were pooled using a fixed-effect model. If heterogeneity was observed, a random-effect model was used. Publication bias was estimated by the funnel plot, the Egger regression test and Begg's-adjusted rank correlation test. Subgroup analyses were carried out by different heparin.
RESULTS
Characteristics of the included studies
We identified 18 studies 7,9,10,14-29 with 2578 patients that met our inclusion criteria for meta-analysis. The detailed steps of our literature search are shown in Figure 1 . The studies were conducted in USA, India, Canada, UK and Germany. Of the 18 selected studies, 7 studies were RCTs, 1 was quasi-RCT and the remaining 10 used observational study method (cohorts, case-control and cross-sectional studies). Four of the 18 studies have compared LDUH (dose range: 5000 U twice daily or 5000 U three times daily) with placebo or untreated, one RCT compared fixed-dose LDUH with adjusted-dose LDUH (adjusted to prolong the activated partial thromboplastin time (APTT) to 1.5 times), nine trials have compared LDUH with LMWH (dose range: enoxaparin, 20 mg daily to 30 mg twice daily; tinzaparin, 3500-4500 IU once daily; dalteparin was 5000 IU daily), three studies compared different LMWHs (one for enoxaparin versus tinzaparin, two for enoxaparin versus dalteparin) and the other three studies compared different dose of LMWHs. The Jadad scale for included RCTs scored 2-4 (total 5) and the NOS of the nonrandomised studies scored 5-7 (total 9). Overall, the quality of the studies was not good and low scores were achieved. The study provided level 1b-3b evidence on the Oxford Level of Evidence scale. Table 1 shows the characteristics of the 18 identified studies.
LDUH versus placebo or untreated
Two RCTs 7,29 and two case-control studies 24, 28 evaluated the effects of LDUH compared placebo or untreated. The incidence of combined VTE was 1.8-50.0% in LDUH group, and 3.1-47.1% in placebo or untreated group. There was no substantial heterogeneity between four studies (w 2 Only five trials 9,10,19,20,27 provided the incidence of major bleeding complication between groups. The incidence was 1.2-10.5% in LDUH group, and 0.0-4.2% in LMWH group. There was no substantial heterogeneity between five studies (w 2 (4) ¼ 0.63, P ¼ 0.960, I 2 ¼ 0.0%). The summary RR was 2.034 (95% CI 1.018-4.063; Z ¼ 2.01, P ¼ 0.044) (Figure 4 , the forest plot). The Begg's test (Z ¼ 0.24, P ¼ 0.806) and the Egger's test (t ¼ 0.77, P ¼ 0.498) indicated no evidence of publication bias (Figure 4 . the funnel plot). No available data was found to conduct subgroup analyses.
Different kinds of LMWHs
Three studies compared different LMWHs (one 14 for enoxaparin versus tinzaparin, two 16, 18 for enoxaparin versus dalteparin). The incidence was 5.9-12.1% in enoxaparin group, 4.4-12.5% in tinzaparin group and 13.9% in dalteparin group. There was no substantial heterogeneity between three studies (w 2 (2) ¼ 1.60, P ¼ 0.449, I 2 ¼ 0.0%). The summary RR was 0.694 (95% CI 0.336-1.434; Z ¼ 0.99, P ¼ 0.324) ( Figure 5 , the forest plot). The Begg's test (Z ¼ 1.04, P ¼ 0.296) and the Egger's test (t ¼ 1.77, P ¼ 0.327) indicated no evidence of publication bias (Figure 2 the funnel plot) . Although in the enoxaparin versus tinzaparin subgroup, the RR was 0.424 (95% CI 0.139-1.287; Z ¼ 1.52, P ¼ 0.130) ( Figure 5 , top of the forest plot); in the heparin versus dalteparin subgroup, the summary RR was 1.091 (95% CI 0.400-2.975; Z ¼ 0.17, P ¼ 0.866) ( Figure 5 , bottom of the forest plot). Only one trial provided the incidence of major bleeding complication between groups. The incidence was 2.0% (1/50) in enoxaparin group and 4.4% (2/45) in dalteparin group. The RR was 0.626 (95% CI 0.125-3.136; w 2 ¼ 0.46, P ¼ 0.496). Figure2 VTE incidence in LDUH versus placebo or untreated for patients with SCI. The forest plot (left) showed no significant differences between two groups. The funnel plot (right) showed no evidence of publication bias. Figure3 VTE incidence in LDUH versus LMWH for patients with SCI. The forest plot (left) showed no significant differences between two groups. In the heparin versus enoxaparin subgroup (top), no significant differences were found; in the heparin versus dalteparin subgroup (middle), no significant differences were found; in the heparin versus tinzaparin subgroup (bottom), tinzaparin showed that it has effect of lower VTE incidence. The funnel plot (right) showed that there was publication bias in the studies. Figure4 Major bleeding complications in LDUH versus LMWH for patients with SCI. The forest plot (left) showed that LMWH has effect of lower bleeding incidence. The funnel plot (right) showed no evidence of publication bias.
(AT) III and activates the AT. The activated AT then inactivates thrombin and other proteases involved in blood clotting: XIIa, XIa, IXa and Xa. Heparin acts as an anticoagulant for preventing the formation of clots, blocking extension of existing clots within the blood and never breaking down clots that have already formed. It is generally used for anticoagulation for DVT and PE. Although in our meta-analysis, when LDUH compared with placebo or untreated in patients with acute SCI, the summary RR for VTE was 0.661, with 95% CI 0.365-1.199. Although only four trails, with two RCTs and two case-control studies, were included in this meta-analysis, there was no heterogeneity and no publication bias found. The results for this meta-analysis were robust and reliable, and we concluded that 5000 IU of LDUH given twice or three times daily is no more effective than placebo as prophylaxis against VTE for patients with SCI. This conclusion is the same as the current view of this point. 4 One RCT 25,26 compared fixed-dose LDUH (heparin 5000 IU, twice daily) with adjusted-dose LDUH (heparin adjusted to prolong the APTT to 1.5 times), the results showed adjusted-dose LDUH was more effective as prophylaxis against VTE, but associated with a higher incidence of bleeding complications than fixed dose. In this study, patients in the adjusted-dose group received of 13,200 ± 2200 IU of unfractionated heparin higher than 10,000 IU of unfractionated heparin in the fixed-dose group. It seems increasing the dose of the heparin may increase the effect of thromboprophylaxis, but bleeding complications also significantly increased. Thus, LDUH was not recommended for thromboprophylaxis in patients with SCI. LMWHs are obtained by various methods of fractionation or depolymerization of polymeric heparin. They have been shown as effective and safe as unfractionated heparin, and have some advantages in terms of pharmacokinetics and convenience of administration. 30 Although in our systematic review and meta-analysis, the results showed no significant differences for VTE in LDUH versus LMWH, only major bleeding was lower with LMWH. This conclusion was different to the current view of this point. The SCIRE Research Team systematic reviewed VTE prophylaxis in SCI and concluded that LMWH, in particular enoxaparin, was more effective than LDUH at reducing venous thromboembolic events, and the incidence of bleeding complications appears to be less with LMWH. 4 On the basis of these evidences, the Consortium for Spinal Cord Medicine Clinical Practice 6 and the American College of Chest Physicians 8 recommended LMWH for thromboprophylaxis in patients with SCI. Although we found in SCIRE Research Team's systematic review, 4 only four trials included for comparing LDUH and LMWH, and the SCIRE Research Team draw conclusion based on level 1 evidence form two RCTs. In one RCT, the incidence of DVT was 63.3% with LDUH versus 65.5% with enoxaparin (P ¼ 0.81); the incidence of PE was 18.4% in the LDUH group versus 5.2% with enoxaparin (P ¼ 0.03); the incidence of major bleeding was 5.3% with LDUH versus 2.6% with enoxaparin (P ¼ 0.14). Only the incidence of PE was significantly different between two groups. We also recalculated the incidence of combined VTE and found no significantly different between two groups (w 2 ¼ 0.57, P ¼ 0.449). In the other RCT, the incidence of DVT was 15.8% (3/19) with LDUH versus 0.0% (0/16) with tinzaparin (w 2 ¼ 2.76, P ¼ 0.965); the incidence of PE was 10.5% (2/19) in the LDUH group versus 0.0% (0/16) with tinzaparin (w 2 ¼ 1.79, P ¼ 0.181); the incidence of major bleeding was 10.5% (2/19) with LDUH versus 0.0% (0/16) with tinzaparin (w 2 ¼ 1.79, P ¼ 0.181). These two RCTs also included in our study. 19, 27 We also included other seven trails for comparing LDUH and LMWH. The increased sample size may make the conclusions more reliable. And, there are some indirect evidences to support our conclusions. Some meta-analysis for other diseases found the same conclusion like ours. In general medical patients, excluding stroke and myocardial infarction, no significant difference was found in efficacy of thromboembolism prophylaxis between LMWH and LDUH, and a significantly reduced risk of bleeding in favor of LMWH was found. 31 In patients with cancer, no differences were found in DVT, PE and bleeding who receiving perioperative thromboprophylaxis with LMWH versus LDUH. 32 LMWH treatment appears to be as effective and safe as LDUH for the initial treatment of nonmassive PE. 33 Although in some diseases, meta-analysis showed the effectiveness of LMWH compared with LDUH. In orthopedic surgery and general surgery patients, the rates of proximal DVT and PE, respectively, are consistently lower under LMWH than under LDUH, whereas slightly smaller rates of distal DVT are observed under LDUH. 34 In patients with acute coronary syndrome, enoxaparin was associated with superior efficacy as adjunctive AT therapy compared with LDUH. 35 Our meta-analysis Figure5 VTE incidence in different kinds of LMWH for patients with SCI. The forest plot (left) showed no significant differences between two groups. In the enoxaparin versus tinzaparin subgroup (top), no significant differences were found; in the enoxaparin versus dalteparin subgroup (bottom), no significant differences were found. The funnel plot (right) showed that there was publication bias in the studies.
increased the sample size compared with previous systematic reviews. But there are two limitations in our meta-analysis for LDUH versus LMWH. The quality of the included studies is relatively poor. Many of them had important methodological limitations. The significant heterogeneity and publication bias were also found. To verify our conclusion, well-designed RCTs are urgently needed. In summary, our systematic review and meta-analysis showed that in patients with acute SCI, LDUH have no thromboprophylaxis effect compared with placebo or untreated; LMWH can reduce bleeding risk, but cannot prophylaxis thromboembolism compared with LDUH. Because no good quality studies existed in this setting, well-designed RCTs are urgently needed.
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